To The ediTor: We read with great interest the article by Juraschka et al. 1 from the University of Toronto, Canada (Juraschka K, Khan oh, Godoy BL, et al: endoscopic endonasal transsphenoidal approach to large and giant pituitary adenomas: institutional experience and predictors of extent of resection. J Neurosurg 121:75-83, July 2014). They timely and properly focus the readers' attention on the particular clinical and surgical challenges in the management of giant pituitary adenomas, which constitute a subgroup of lesions that have been classically defined by a maximum diameter > 4 cm. They consider giant adenomas those tumors with a volume of at least 10 cm 3 or a maximum diameter ≥ 3 cm. As a matter of fact, in their study, in which they used the above-mentioned inclusion criteria, the authors analyzed the clinical and surgical outcomes in a series of 73 patients who underwent surgery via an endoscopic endonasal transsphenoidal approach at their institution in a 6.5-year timeframe. They report that they used, in almost one-third of their patients, an extended endoscopic approach.
obviously, the majority of their patients harbored a clinically nonfunctioning pituitary macroadenoma and complained of visual disturbances (either visual acuity and/or visual field defects) and/or endocrine hypofunction. According to preoperative MRI, a cystic component was present in 30.1% of tumors, a hemorrhagic component in 24.7%, sphenoid sinus invasion in 35.6%, anterior extension in 16 .4%, posterior extension in 31.5%, suprasellar lateral extension in 26.0%, optic nerve compression in 94.5%, and hydrocephalus in 5.5%.
Such percentages, particularly the 35.6% with a component inside the sphenoid sinus or the 30.1% with the presence of a cystic or hemorrhagic lesion, in our opinion, are confusing since they do not actually indicate only those tumors that pose technical difficulties in their surgical management. In other words, what causes the difficulties in surgically treating giant adenomas are the supra-parasellar components of the tumor, which are those involving the most critical neurovascular structures, having a greater risk of injury by the surgeon. indeed, a tumor with a diameter measuring more than 3 or 4 cm, but with a reasonable part of it extending inside the sphenoid sinus or more downward, does not necessarily pose the same technical risks or have the same outcome as a surgically treated mass with a predominant component in the supraparasellar areas, even if that mass has a smaller diameter. Similarly, an adenoma with a soft consistency or with a cystic component is easier to remove than a same-sized lesion with a harder texture; or a tumor predominantly in the midline has a location that is certainly more favorable for removal than a lesion with eccentric lateral paraventricular extensions. it is easily understood that the possibility of achieving gross-total removal is greater for adenomas, even giant ones, with more surgically favorable features (sizable component in the sphenoid sinus, soft consistency, no invasion of the cavernous sinuses, and so forth) than for a big adenoma with unfavorable features.
in the authors' study, however, considering such a heterogeneous group of lesions together, pooled only on the basis of measures and not stratifying them on the basis of their different characteristics, might in some way have corrupted the actual extent of resection rate, the overall visual outcome, and the percentage of complications, which deeply differ from one another if we consider the direction and site of growth of the neoplasm. Thus, we do not agree with the authors when they conclude that sphenoid sinus invasion may represent a tumor characteristic that decreases the likelihood of successful and complete endoscopic transsphenoidal surgery. The presence of a component in the sphenoid sinus, and therefore far from the neurovascular structures, might be considered a favorable feature in obtaining greater tumor debulking. on the contrary, in our experience, the true giant pituitary adenomas that extend mainly in the intracranial compartment present a greater rate of complications.
Finally, we are sincerely thankful to the authors for having focused attention on the surgical management of giant pituitary adenomas and the uncommon challenges they pose regarding the predictability of obtaining a grosstotal removal and improving preoperative deficits. The objective of this study was to test the accuracy of diffusion tensor imaging (dTi) and its reliability to guide real-time safe neurosurgical removal of a brain tumor. For this reason, i believe that this article presents an important contribution to the increasing literature related to functional neuroimaging technology and its role in improving neurosurgical operative technique.
However, Mandelli et al. 4 reported a limitation associated with the use of dTi intraoperatively, manifested by poor sensitivity in detecting the lateral aspect of the corticospinal tract. This limitation recounted by the authors was attributed to problems in the technology itself; alternatively, we should consider that this limitation could be the result of tumor impact on the brain networks mediated by the neuroplasticity, 1 or, in other words, because of a decline in the functionality of the corticospinal tract (which indeed might be transferred partially to another tract or network by the process of the neuroplasticity). This consideration is very important as it may affect the way that we interpret and utilize the data provided by dTi.
The above concept is supported by several clinical and research observations. For instance, Wang et al. showed that in brain tumor patients the brain networks are altered when compared with healthy controls. 5 For example, theta band connectivity has been reported to be pathologically increased in brain tumor patients. The authors compared the functional brain networks of a group of patients with brain tumors before and after surgery. They found statistically significant changes in network features in the beta 13-to 30-hz band after the surgical intervention. 5 These global alterations in functional brain networks could be explained theoretically by reviewing the findings of a recently published study conducted by Butz and van ooyen on neuroplasticity. 2 The authors pointed out that persistent local changes in the neuronal activities led to massive global structural and network changes according to a simple homeostatic regulation rule. 2 To prove their concept, they showed how focal retinal lesions produce neuron and network changes in the visual cortex. 2 Because brain tumors present a challenge to the local neural discharge homeostasis, and based on the previous concept, brain tumors should also lead to global changes in functional and even structural networks. This may explain several clinical observations in the context of brain tumors, such as recruitment of cortical areas ipsilateral to the tumor and redistribution of eloquent areas around the tumor and the fact that many patients with large intracranial tumors may present with minimal neurological deficits.
1
The impact of brain tumors on brain functional networks (locally and globally) should receive more attention and promote fruitful research endeavors. Such research projects may pave the way for optimal ways of using dTi and other functional neuroimaging methods in neurosurgery and help anticipate potential surgical outcome.
Finally, and keeping in mind other concerns and limitations of dTi including its underestimation of long-range connections and its inability to capture the pathway (or more precisely, the directionality) of a fiber tract that is inconsistent with the normal anatomy, the recommendation of Mandelli et al. remains the best strategic plan in our contemporary neurosurgical practice, that is, to couple the use of dTi information with intraoperative electrophysiology mapping for neurosurgical resection of brain tumors. 
Asem Salma, MD

Simulation in neurosurgical education: where next?
To The ediTor: Kirkman et al. 3 have completed a thorough and comprehensive review of the use of simulation in neurosurgical education and training and indeed of its use in assessment (Kirkman MA, Ahmed M, Albert AF, et al: The use of simulation in neurosurgical education and training. J Neurosurg 121:228-246, August 2014). As they have elegantly outlined, the literature is sparse and some of the studies are limited or flawed. As they have also stated, only two studies were randomized, but this is not necessarily a barrier to quality in medical education research. indeed Norman has written of the perils of this form of research in medical education using the acronym rCT to mean "results confounded and trivial." 4 on another note, none of the simulation studies used high-fidelity environments, but once again this may not be a marker of poor quality. How high fidelity does a simulator have to be in the first place? According to Ker et al., there are some aspects of flying commercial jets that "are best taught using computer based simulations rather than full immersion simulators." 2 Towards the end of the paper the authors point out potential future directions of research. Their suggestions are helpful, yet there are other possible directions of travel. As in other specialties, many of the skills of the neurosurgeon will be generic and applicable to a range of surgical specialties, but some skills will be unique or will need to be developed to a higher level in the budding neurosurgery trainee than in other trainees. one particular required combination of attributes might be patience and staminaneurosurgery lasts many hours and requires prolonged and intense concentration. Could simulators be developed and evaluated that enable trainees to develop these attributes? Not all medical and surgical simulators need high levels of technology to provide a good learning experience; however, it is probable that most neurosurgical simulators do require high levels of technology and need to train and test learners' skills in interacting with this technology. All surgeons need good judgment, but in neurosurgery the need for judgment is enhanced. one of the main judgments is whether or not to operate-perhaps such decision points could be built into simulator scenarios and simulator programs. Lastly, there is a growing movement in medical and surgical education towards mastery learning.
1 in neurosurgery, competence is probably not enough. Trainers and trainees should aim for excellence and should use mastery-learning techniques built into simulator programs to achieve this. 
Kieran walsh
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SEEg has the lowest rate of complications
To The ediTor: We read with great interest the paper by Tebo et al. 18 (Tebo CC, Evins AI, Christos PJ, et al: evolution of cranial epilepsy surgery complication rates: a 32-year systematic review and meta-analysis. J Neurosurg 120:1415-1427, June 2014). in their paper the authors state, "Complication rates for focal resective epilepsy surgery have decreased dramatically over time. in particular, the risk of permanent neurological deficits is extremely low." The authors reported on the results of a large systematic review covering 32 years of literature, between 1980 and 2012. Moreover, the literature review was quantitatively complemented by an excellent meta-analysis performed on the 3 groups of considered patients: Group A, who received temporal resections; Group B, who underwent extra-temporal resections; and Group C, who were evaluated by invasive electroencephalography (eeG) recording by means of subdural grids or depth electrodes. The authors' declared goal was to highlight the low morbidity rate of such diagnostic and therapeutic procedures, and they concluded with a plea in favor of epilepsy surgery. in fact, the authors wrote "…a temporal lobectomy, with or without an amygdalohippocampectomy, has a 0.8% risk of permanent deficits. This risk has dropped by 92% over time." Moreover, they also reported, "Permanent neurological deficits after extratemporal epilepsy surgery have decreased in recent years by 64%, from 9.0% to 3.2%...." Conversely, as far as invasive eeG recordings are concerned, the authors reported that, although "neurological complications decreased from 6.3% in 1980-1995 to 3.0% in 1996-2012… wound infections/meningitis increased from 2.3% to 4.3%, as did hemorrhage/hematoma rising from 1.9% to 4.2%." The latter point deserves further discussion and comments. in fact, the reader receives the take-home message that the use of invasive eeG recording increases the cumulative risk of the overall procedure by a nonnegligible factor, and that the safety of such procedures has decreased with time.
in our opinion, this conclusion arises from the fact that, surprisingly, a number of papers were not included in the group of the selected studies, despite the fact that they met the eligibility criteria. Of note, we reran on PubMed the same search query reported by the authors, and all studies listed in Table 1 were included in our query results.
Stereoelectroencephalography (SeeG) is a methodology developed at Hôpital Saint Anne, Paris, France, by Bancaud and Talairach. 3 These authors were the first to record the ictal electrical activity from the cerebral cortex using stereotactically implanted electrodes in the late 1950s, 2 and they subsequently coined the term "stereoelectroencephalography" in 1962.
7 different from depth electrodes, commonly used for lateralizing seizure onset, SEEG is steered to define the epileptogenic zone using a larger number of stereotaxic trajectories planned to verify a working hypothesis and therefore arranged according to the specific anatomo-electro-clinical requirements of each patient. 15 Some studies clearly stated that, despite the number of electrodes, this result is obtained with a very low complication rate; McGonigal et al.
14 and GonzalezMartinez et al. 12 reported hemorrhagic complications in 3% and 2.5% of cases, respectively. recently, our group reported the results from a consecutive series of 500 SeeG procedures, with the last 81 procedures (1050 electrodes) performed according to an updated workflow.
6 only 4 minor complications and 1 case of status epilepticus occurred with the new method. Moreover, after the period analyzed in the study, we performed 84 additional SeeG implantations (1091 electrodes) with no additional complications (unpublished data). Thus, considering our last 165 SeeG procedures performed with the updated workflow, the rate of major and minor complications was 0.6% and 2.4%, respectively.
Tebo et al. 18 hope for the future the development of smaller and thinner grids for subdural recording, expecting that this will lead to a morbidity reduction. on the contrary, we foresee that the progressive rediscovering of SeeG methodology outside the european borders will be the most important advancement in the field, potentially resulting in both a significant reduction in the complication rate and a better definition of the epileptogenic zone, due to the possibility of direct recording of electrical brain activity, not only from the surface of the hemispheres, but also from the depth of the sulci and from any subcortical structure or lesion. Through a large number of multilead intracerebral electrodes implanted according to a working hypothesis on the epileptogenic network, SeeG is the only methodology that provides essential 3d information about the spatial and temporal organization of the ictal discharge. Although SEEG is gaining popularity, the systematic review of Tebo et al.
18 ignored all related papers, as well as the similar study published by hader et al. in 2013. 13 The striking underestimation of SeeG studies from such otherwise meticulous systematic reviews, despite the fact that they meet all the eligibility criteria, is difficult to understand.
in conclusion, we would like to emphasize the historical rule and the progressive spreading of SeeG methodology, hoping that this will support a more confident attitude toward surgery to treat drug-resistant epilepsies, without undue fear of invasive recordings. We thank dr. Cardinale and dr. Cossu for their insightful comments. in regard to SeeG, we concur that this technique will continue to play an important role in the clinical determination of the epileptogenic zone and believe that complication rates of SeeG should continue to be closely studied. regarding the lack of included papers involving SeeG in our meta-analysis, SeeG was not an exclusion criterion but it also was not included in our search criteria. As stated in the Data Collection subsection of our Methods, only studies with overlapping patient data, case reports, and technical notes were excluded as well as studies that did not report complications-related data, reported only an aggregate complication rate, or discussed complications in a purely qualitative manner.
Concerning the listed papers that drs. Cardinale and Cossu state fulfilled "the eligibility criteria but [were] not included," the Munari et al.
9 study was not recognized as being eligible among the citations our search yielded; the Behrens et al.
2 study was excluded due to our inability to attribute complication rates to specific procedure types (or one of our identified groups); and the Tanriverdi et al. 12 study was excluded due to an overlapping patient population with a second study. 11 The study by Gonzalez-Martinez et al. 8 was published after our search period concluded, and that by Cardinale et al. 4 was published at the very end of our search period and was not identified during our literature search. Upon replication of our search strategy, the studies by Wiggins et al., 13 Musleh et al., 10 and De Almeida et al. 7 were not identified in the yielded citations. The remaining papers, those by Cossu et al., 5, 6 Adelson et al., 1 and Burneo et al., 3 were either not identified by our search strategy in 2013 or were not recognized as eligible studies.
We maintain that grid implantation carries a higher risk of infection/meningitis or hemorrhage/hematoma than resection and should be considered only in patients in whom the results will significantly impact eventual resection. However, we acknowledge that these findings may not be representative of SeeG, as we were unable to analyze sufficient data on this technique and defer to the esteemed work of Cardinale et al. and Cossu et al., [4] [5] [6] -among other studies 8, 9 -for SEEG-specific complication rates. The authors described an innovative surgical technique performed through the cavernous sinus, with an interdural dissection taking advantage of the natural corridor provided by the separation of the inner and outer dural layers at the lateral margin of the sellae. This corridor provides access to the posterior clinoid process, making the endoscopic endonasal posterior clinoidectomy a safe and effective procedure. The approach was performed in 12 patients (6 with chordomas, 5 with petroclival meningiomas, and 1 with an epidermoid tumor), with great clinical results and no permanent hypopituitarism, diabetes insipidus, or neurovascular injuries. The impeccable quality of the anatomical dissections together with the detailed description of the surgical approach helps the reader to understand the complex anatomy of this region seen from the endoscopic endonasal view. The authors are to be congratulated on the excellent quality of the study and the clinical results.
in contrast to the Pittsburgh group's experience, we have described a purely extradural posterior clinoidectomy. 2 We have performed this approach safely in dozens of patients and have formed the opinion that in the majority of cases a purely extradural approach is sufficient to achieve an adequate posterior clinoidectomy. in those cases in which the extradural approach is not sufficient we have used the interdural approach, as described expertly in this article. hence, we use the interdural approach more selectively, as needed, and it is possible to convert easily from the extradural to the interdural approach. overall, it is our opinion that an extradural approach is safer because the dura mater can serve as a natural protector against neurovascular injury. There is also the option of working both above and below the pituitary gland to reach the interpeduncular fossa and retroinfundibular area, thereby avoiding damage to the pituitary gland and its blood supply. 3 Making an analogy to the transcranial anterior clinoidectomy, which can be performed intra-or extradurally, there are probably indications for both inter-and extradural posterior clinoidectomy. Ultimately, the idea is to avoid a complete pituitary transposition, which often causes hypopituitarism.
Modern skull base neurosurgery is based on tailoring the approach for each patient. Thus, the new technique described by the authors is an important addition to skull base surgery, but in our opinion should be reserved for those posterior clinoids that cannot be removed extradurally, rather than being the default operation in all cases. response Thank you for the opportunity to reply to the Letter to the editor you received with regard to our article. We would also like to thank Drs. Silva, Attia, and Schwartz from Cornell University for their kind comments. however, we disagree with certain aspects of their letter.
First, and perhaps most important, it is key not to lose historical perspective when describing "new" or "modified" techniques. The surgical technique and application for an endoscopic endonasal, purely extradural posterior clinoidectomy was originally described in a seminal publication by the Pittsburgh group led by Amin Kassam in 2005.
1 This publication literally states: "Subsellar extradural removal of the posterior clinoid and dorsum sellae … the posterior clinoid and dorsum sellae can also be removed via a completely extrasellar approach.… The pituitary, with dura mater intact, is elevated superiorly.… The dura over the sella is not opened.… With the pituitary gland elevated, the dorsum sellae and posterior clinoid can be drilled using a 1-mm diamond bit or a rongeur...." in 2012, the Cornell group provided a more complete description of the surgical anatomy for the extradural posterior clinoidectomy technique by performing dissections in 5 anatomical specimens. 2 and then the interdural transcavernous posterior clinoidectomy described in the article under discussion. We have found that the purely extradural posterior clinoidectomy, although still very useful in selected cases, does not provide direct visualization and access to the top and posterolateral tip of the posterior clinoid and its ligamentous attachments. it is a blind maneuver that in case of prominent clinoids or calcified dural attachments is neither safe nor effective. in our experience in cases in which we had performed an extradural posterior clinoidectomy and thought we had removed the clinoid completely, there was often still a portion of the clinoid remaining.
in regard to the statement "an extradural approach is safer because the dura mater can serve as a natural protector against neurovascular injury," we would like to point out that the posterior clinoid is an interdural (intracavernous) structure and as such, the outer dural layer of the cavernous sinus is always going to be opened, as evidenced by the typical venous bleeding that occurs after posterior clinoidectomy. The difference between the extradural and the interdural approach resides precisely on whether the outer dural layer is disrupted in a noncontrolled fashion while removing the posterior clinoid extradurally, or whether the outer dural layer is widely open in a controlled fashion, providing direct visualization of the internal carotid artery (ICA) and the inferior hypophyseal artery (IHA) when performing an interdural transcavernous approach. The outer layer of dura, rather than providing protection to the ICA and IHA, prevents their visualization when removing the clinoid. it is in fact the removal of the posterior clinoid from within the cavernous sinus that risks vascular injury, and we believe this is better prevented with direct visualization. We would also like to emphasize the importance of avoiding avulsion of the IHA from the ICA wall when removing the posterior clinoid, which we believe is better prevented with the interdural rather than the extradural approach.
Certainly there is always variability of the surgical anatomy depending on the patient and the pathology. Whereas it is clear that in some cases, such as clival chordomas without significant involvement of dorsum sella and posterior clinoids, a partial posterior clinoidectomy is sufficient, in many others, such as extensive chordomas or petroclival meningiomas, a complete posterior clinoidectomy is mandatory. The ease with which this can be performed and the technique used should be tailored to the individual patient and pathology. Like many newer techniques, this facet of endonasal surgery is likely to be better elucidated through further peer-reviewed clinical series. our colleagues at Cornell have always been an important group in this process and we look forward to their future contributions. in this article, the authors clearly describe the CSF movements at the intracranial level based on speed and pressure gradients. i was gladly surprised by the images regarding the nonsignificant pressure gradient around the choroid plexus. Thus, the choroid plexus of the body of the ventricle seems to scarcely contribute to the oscillating CSF. in 1955 Bering 1 proposed that the choroid plexuses were the structures responsible for the pulsatility of the CSF, considering that they would have the capacity for ingurgitating and voiding with each cardiac cycle. even though some papers questioned these conclusions, 4, 7, 10, 13 the hypothetical pulsatility of the choroid plexus has been taken as valid in various studies. 2, 3, 5, 6, 8, 9, 11, [14] [15] [16] [17] however, none of the reports, regardless of what position they had taken, including the present article and Bering's, studied the pulsatility of the choroid plexus in a direct way.
in my own endoscopic and ultrasonographic (B-mode) experience, the choroid plexus of the lateral ventricles has never shown volumetric changes despite the presence of pulsatile brain movements (unpublished data). indeed, choroid plexus did show movements "in block," such as being "dragged" by the surrounding CSF, or "impulsed" by their insertion points, or a "vibrating" or "creeping" motion because of the movements of their principal vessels. i consider the choroid plexus volumetric changes to be macroscopically negligible.
Matsumae et al. 12 point out that their results are not "entirely consistent" with the hypothesis of pulsatile choroid plexus. Perhaps Bering's assertion of the choroid plexus as a CSF pump should, in the future, not be considered as a real pathophysiological mechanism.
i congratulate the authors for such an elegant work.
Nelson Picard, MD, PhD
Abraham Piñeyro Hospital, Buenos Aires, Argentina
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We are deeply grateful to dr. Nelson Picard for showing such interest in and taking the time to comment on our article.
The video images in our article demonstrate that there is no significant pressure gradient around the choroid plexus of the lateral ventricles. Bering's classic research in a canine model indicated that unilateral choroid plexectomy of the lateral ventricle and concurrent occlusion of the foramen of Monro due to plugging resulted in a marked decrease in intraventricular CSF pulsation synchronous with the cardiac pulse, compared to the pulsation strength in the untreated contralateral lateral ventricle.
1 he concluded that pulsation of the choroid plexus synchronous with the cardiac pulse is transmitted through the CSF, thereby suggesting that CSF pulsation originates in the choroid plexus.
1 in 1962, Bering published cross-sectional brain images from a similar experiment performed in a kaolin-induced hydrocephalic dog. 2 Ventricular dilatation was present on the side with an intact choroid plexus and an open foramen of Monro but was absent on the side on which a choroid plexectomy had been performed and the foramen of Monro was plugged. Taken together, these two sets of findings by Bering led to the conclusion that the arterial pulse synchronous with the cardiac pulse causes expansion and contraction of the intraventricular choroid plexus, and that this choroid plexus pulsation causes ventricular dilatation in the ventricular system in which the circulation was disrupted, ultimately leading to hydro-cephalus. however, Bering's experiments were conducted according to the techniques described in a previous article by dandy. 3 The methods of choroid plexectomy and plugging of the foramen of Monro in Dandy's article were extremely invasive, involving penetration to the cerebral ventricles through large-scale incisions into the cerebral hemispheres. deformation of the cerebral hemisphere indicative of damage due to surgical manipulation is also apparent in the hydrocephalus brain sections presented by Bering.
The MRI techniques for observing CSF motion performed in our study are completely noninvasive with regard to the human brain. Moreover, pressure gradients can be quantitatively analyzed based on CSF velocity and continuously monitored within one cardiac pulse. if the choroid plexus were the source of CSF pulsation, it would repeatedly expand and contract in synchronization with the cardiac pulse, and it would undergo marked volume changes, generating a significant pressure gradient around the choroid plexus. In our study, no significant pressure gradient was observed around the choroid plexus, indicating that it does not perform this pumping action. This means that the choroid plexus is not the driving source for the origination of CSF pulsation. This finding is at odds with conventional wisdom regarding CSF circulation as described in textbooks and thus warrants attention. it may also be useful for elucidating hydrocephalus pathology. Because the MRI techniques used in our study can be easily replicated, we hope that others will conduct further research on this phenomenon.
in his Letter to the editor, dr. Picard states that he has not observed volumetric changes in the choroid plexus during the procedure of neuroendoscopy or on B-mode ultrasonography. Many neurosurgeons feel that the choroid plexus seems to be simply floating, not producing a significant volumetric change in the ventricular system; however, we have been unable to find any references in the published literature supporting this phenomenon. Findings that substantiate our MRI observations exist in the regular clinical setting of neuroendoscopic surgery. As Dr. Picard states, the classic theory contained in many textbooks postulating that well-known physiological phenomenon in which the choroid plexus is the driving force of CSF pulsation requires expeditious revision.
Mitsunori Matsumae, MD, DMSc
Tokai University School of Medicine, Kanagawa, Japan references
